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Description 

Field of the invention 

5 [00O1] The present invention relates mainly to a nnethod of producing sustained-release microcapsules that release 
a bicoactive substance at constant rate over an extended period of time from Just after administration with suppressed 
initial release of the bioactive substance in excess just after administration. 

Bacl<ground of the Invention 

10 

[00O2] PCT Intematlonal pubiication No. WO89/04673 [Tokuhyo (Publication of the Translation of International Patent 
App lication) 50331 5/1 990] discloses a method of producing a solid polymer preparation wherein said solid preparation 
is kept at a temperature not lower than the glass transition point of the constituent polymer. 

[00O3] EPA No. 0586238 discloses a method of producing sustained-release microcapsules containing a biologically 
15 active substance from an W/O emulsion comprising an inner aqueous phase containing said biologically active sub- 
stance and an external oil phase containing a biodegradable polymer, characterized in that microcapsules fomried on 
microencapsulation of said biologically active substance with said biodegradable polymer heated at a temperature not 
lower than the glass transition temperature of said biodegradable polymer but not so high as to cause aggregation of 
the microcapsules. 

20 [00O4] EPA No. 0601 799 discloses a sustained-release preparation having a high peptide trap rate for a physiolog- 
ically active peptide. The microcapsules comprise a biodegradable polymer and are obtained by a drying-in-water 
technique. Residual water and solvent is removed by heating the microcapsules for 2-3 days at a temperature 5°C or 
more above the median glass transition temperarure of the biodegradable polymer. 

[00O5] With regard to sustained-release microcapsules incorporating a biodegradable polymer, it is desirable that 
23 the Initial release of the bioactive substance, especially that in excess within 1 day, be suppressed, and that the release 
of tlie bioactive substance be optionally controlled over an extended period of time. However, the description in the 
above-mentioned patent publications does not enable the production of fully satisfactory sustained- release microcap- 
sules that release the bioactive substance, especially polypeptide having a high molecular weight, at constant rate 
over an extended period of time from just after administration with suppressed initial release of the bioactive substance 
30 in excess Just after administration. 

Sunnmary of the Invention 

[00O6] Through intensive Investigation to resolve the above problems, the present Inventors found It possible to 
35 produce sustained-release microcapsules containing a bioactive substance and a biodegradable polymer possessing 
pharmaceutical characteristics clinically excellent in that the bioactive substance is released at constant rate over a 
very long period of time from just after administration with unexpectedly dramatically suppressed Initial release of the 
bioactive substance in excess just after administration and with minimum retention of organic solvent, by incorporating 
the biodegradable polymer at not less than 60% (w/w), and heating or thermally drying the microcapsules at a tem- 
40 perature ranging from the glass transition point of said polymer to a temperature higher by 4*^0 than the glass transition 
point for about 24 to 120 hours. After further investigations based on this finding, the inventors developed the present 
invention. 



(1) A method for the production of sustained- re lease microcapsules that comprises obtaining microcapsules com- 
45 prising a bioactive substance which are encapsulated with a biodegradable polymer, and themnally drying the 

obtained microcapsules at a temperature ranging from the glass transition temperature of the biodegradable pol- 
ymer to a temperature higher by 4°C than the glass transition point for about 24 to about 120 hours to produce 
the sustained-release microcapsules comprising, relative to the weight of the sustained-releeise microcapsules, 
not less than 60% (w/w) of the biodegradable polymer 
so (2) A method for production of (1), wherein said bioactive substance Is a peptide having a molecular weight of 

about 200 to 20,000. 

(3) A method for production of (1), wherein said bioactive substance Is luteinizing hormone-releasing hormone or 
an analog thereof. 

(4) A method for production of (1), wherein sard bioactive substance is a peptide represented by the formula (I): 

55 

(Pyr )Glu-Ri-Trp-Ser-R2-R3-R4-Ar9-Pro-R5 ( I ) 
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wherein represents His, Tyr, Tip or p-NH2-Phe; represents Tyr or Phe; R3 represents Gly or a D type amino 
acid residue; R4 represents Leu. He or NIe; and R5 represents Gly-NH-Rg (Re represents a hydrogen atom or a 
lower alkyi group with or without a hydroxyl group) or NH-Re (Re has the same definition as that shown above); or 
a salt thereof. 

(5) A method for production of (1), wherein said bioactive substance is: 

( Pyr ) Glu-His-Trp-Ser-Ty r-D-Iieu— r*eu-Ar^-Pro-NHCH2-CH3 

or a salt thereof. 

(6) A method for production of (1), wherein said bioactive substance is a peptide represented by the fonnula (II): 




CB2 CB2 CB2 CB2 CB2 (CB2)4 



XCH2CO-HH-CH-CO-HH-CH-CO-MH-CH-CO-HH-CB-CO-H — CH*CO-HB*CH-CO • (II) 

(D) (D) i (D) 

Q 



CH(CB3}2 HH-B 

CH2 (€H2)4 /\ CH3 

I I 11 I 

MB CH-CO-MH-CH-CO-N — CB-CO-Ma-C8->CO-HB2 

(O) 

wherein X represents a hydrogen atomoratetrahydrofurylcarboxamido; Q represents a hydrogen atom or methyl; 
A represents nicotinoyl or N,N'-diethylamidino; and B represents isopropyl or N.N'-diethylamidino or a salt thereof. 

(7) A method for production of (6), wherein X Is a tetrahydrofurylcarboxamido. 

(8) A method for production of (6), wherein X is (2S) - tetrahydrofurylcarboxamido. 

(9) A method for production of (6), wherein X is (2S) - tetrahydrofurylcarboxamido, Q is methyl, A is nicotinoyl, and 
B Is isopropyl. 

(10) A method for production of (1), wherein said bioactive substance is thyroid homnone-releasing homnone. 

(11 ) A method for the production of sustained-release microcapsules according to any embodiment of the invention 
as described In (1) to (10), wherein the content ratio of said biodegradable polymer is not less than 70% (wAv). 

(12) A method for production according to any of (1 ) to (1 1 ), wherein said biodegradable polymer Is a homopolymer 
or copolymer of a-hydroxycarboxyllc acids or a mixture thereof. 

(1 3) A method for production according to any of (1 ) to (1 1 ), wherein said biodegradable polymer is a homopolymer 
or copolymer of lactic acld/glycolic acid having a lactic acid/glycolic acid ratio of about 100/0 to 50/50 mol%. 

(1 4) A method for production according to any of (1 ) to (1 1 ), wherein said biodegradable polymer is a homopolymer 
of lactic acid. 

(15) A method for production according to any of (1) to (14). wherein the weight-average molecular weight of said 
biodegradable polymer is 3,000 to 30,000. 

(16) A method for production according to any of (1) to (15). wherein microcapsules are themially dried for about 

48 to 120 hours. 

(1 7) A method for production according to any of (1 ) to (1 0) wherein the microcapsules are obtained by an in-water 
drying method. 

(18) A method for production according to any of (1) to (17). wherein the content ratio of the bioactive substance 
relative to the sustained-release microcapsules is 0.01 to 40% (w/w). 
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(19) A method for production of (4), wherein the sustained-release microcapsules contain the bloactive substance 
at the final content ratio of 5-15% (w/w) and the biodegradable polymer at the final content ratio of 80-95% (w/W). 

(20) Sustained-release microcapsules obtainable by a method for their production according to the present inven- 
tion. 

5 (21) Microcapsules of (20) which are for injection. 

(22) An agent for treatment or prevention of sex homnone-dependent diseases or a contraceptive which comprises 
tlie sustained-release microcapusies of (20). 

(23) An agent of (22), wherein said sex hormone-dependent disease is prostatic hypertrophy, prostatic cancer, 
hysteromyoma, endometriosis, dysmenorrhea, precocious puberty or breast cancer. 

io (24) Use of the microcapsules of (20) for manufacture of an agent for treatment or prevention of sex hormone- 

dependent diseases or a contraceptive. 

(25) A composition for the treatment or prevention of sex homnone-dependent disease or a contraceptive, made 
from a microcapsule as claimed in (20). 



15 



20 



25 



[00O7] Abbreviations for amino acids, protecting groups and others used in the present specification are based on 
abbreviations specified by the I UPAC-iUB Commission on Biochemical Nomenclature or abbreviations in common use 
in relevant fields. When an optical isomer may be present in amino acid, it is of the L-configuration, unless othenwise 
stated. 

[00O8] Other abbreviations used in the present specification are defined as follows: 

NAcD2NaI : N-acetyl-D-3-{2-naphthyl)alanyl 

D4CIPhe : D-3-(4-chlorophenyl)alanyl 

D3Pai : D-3-(3-pyridyl)alanyl 

NMeTyr : N-methyltyrosyl 

DLys(Nic) : D-(lpsiron-N-nicotinoyl)lysyl 

Lys(Nlsp) : (Ipsiron-N-isopropyl)lysyl 

DhArg(Et2): D-(N,N'-drethyOhomoalginyl 



Detailed Description of the Invention 

30 

[0009] Bioactive substances useful for the present Invention include, but are not limited to, bioactive peptides, anti- 
tumor agents, antibiotics, antipyretic analgesic anti-inflammatory agents, antitussive expectorants, sedatives, muscle 
relaxants, antlepileptics, antiulcer agents, anti-depressants, anti-allergic agents, cardiotonics, anti-arrhythmic agents, 
vasodilators, hypotensive diuretics, antidiabetics, anticoagulants, hemolytics, antituberculosis agents, hormones, nar- 

35 cotic antagonists, bone resorption suppressors and anglogenesis suppressors. 

[0010] The bioactive substance for the present invention is preferably a bioactive peptide. Preferably, said peptide 
consists of 2 or more amino acids and has a molecular weight of about 200 to 80,000. More preferably about 300 to 
40,000, Most preferred bioactive substance is a peptide having a molecular weight of about 1 ,000 to 20.000. 
[001 1] Such peptides Include luteinizing hormone-releasing hormone (LH-RH) and analogues thereof such as LH-RH 

40 agonists and LH-RH antagonists. Representative LH-RH agonists include the peptide represented by the fonnula (I): 



{ Pyr ) Glu-Ri-Trp-Ser-R2-R3-R4-Arg-Pro-R5 ( I ) 

45 

Wherein R^ represents His, Tyr, Trp orp-NHg-Phe; R2 represents Tyr or Phe; R3 represents Giy oraD-type amino acid 
residue; R4 represents Leu, lie or NIe; R5 represents Gly-NH-Rg (Rg Is a hydrogen atom or a lower alkyi group with or 
Without a hydroxyl group) or NH-Rg (Rg has the same definition as that shown above) [hereinafter sometimes refen^ed 
to briefly as peptide (I)] ; or a salt thereof [see US Patent Nos. 3,853,837. 4,008.209 and 3,972,859. British Patent No. 
so 1 ,423,083, Proceedings of the National Academy of Science of the United States of America, Vol. 78, pp. 6509-6512 
(1981)]. 

[0012] With respect to peptide (I), the D-type amino acid residue represented by R3 is exemplified by a-D-amino 
acids having up to 9 carbon atoms (e.g., D-Leu, lie, Nie, Val, Nval, Abu, Phe, Phg, Ser, Thr, Met, Ala, Trp, a-Aibu). 
These amino acid residues may have a protecting group (e.g., t-butyl, t-butoxy, t-butoxycarbonyl) as appropriate. Acid 
ss salts (e.g., cart^onate, bicartsonate, acetate, propionate) and metal complex compounds (e.g., copper complex, zinc 
complex) of peptide (I) can also be used as is peptide (I). 

[0013] Representative examples of peptide (I) include the peptide wherein R^ is His, Rg is Tyr, Rq is D-Leu, R4 is 
Leu, and R5 is NHCH2-CH3 (the acetate of this peptide Is commonly known as leuprorelln acetate and hereinafter also 
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referred to as TAP- 144). 

[0014] Bioactive peptides include LH-RH antagonists (see US Patent Nos. 4,086,219, 4,124.577, 4,253,997 and 
4.317,815), such as the peptide represented by the fonnula (It): 



OH i!^ HH-A 

CH2 CH2 CH2 CH2 CH2 (CB2>4 

XCH2CO-NB-CB-CO-MB^CB-CO-*llH-CB-*CO-NR"*CH-CO*H — CH-CO-^BB-CH-^CO — ( II ) 

(I» CD) I (D) 

Q 



CH(CB3}2 HB-B 

CH2 ^CH2>4 jx*^ CB3 



NB CH-*CO-NH-CB-CO-H CB-C0-RB*CB-CO-HH2 

(D) 

wherein X represents a hydrogen atom or a tetrahydrofurylcarboxamido; Q represents a hydrogen atonn or methyl; A 
represents nicotinoyl or N,N'-diethylamidino; B represents Isopropyl or N.N'-drethylamldino (hereinafter refen^edto brief- 
ly as peptide (11)); or a salt thereof. 

[001 5] With respect to peptide (II), X is preferably a tetrahydrofurytearboxamido, more preferably (2S)-tetrahydrofu- 
rylcarboxamldo. Also, A is preferably nicotinoyl; B is preferably Isopropyl. 

[001 6] When peptide (11) has one or more kinds of asymmetric carbon atoms, two or more optica! isomers are present. 
Such optical isomers and mixtures thereof are also included in the scope of the present invention. 
[0017] Peptide (II) or a salt thereof can be produced by perse known methods. Such methods include the methods 
described in Japanese Patent Unexamined Publication No. 101695/1991 and the Journal of Medicinal Chemistry, Vol. 
35, p. 3942 (1992) and other publications, and similar methods. 

[0018] The salt of peptide (II) Is preferably a phamiaco logically acceptable salt. Such salts include salts with inorganic 
acids (e.g., hydrochloric acid, sulfuric acid, nitric acid), organic acids (e.g., carbonic acid, bicarbonic acid, succinic acid, 
acetic acid, propionic acid, trifluoroacetic acid, pamoic acid) etc. More preferably, the salt of peptide (II) is the salt with 
an organic acid (e.g., carbonic acid, bicarbonic acid, succinic acid, acetic acid, propionic acid, trifluoroacetic acid, 
pamoic acid), with greater preference given to the salt with acetic acid. Although these salts may be mono-through tri- 
salts, di- through tri-salts are preferred. 

[0019] Preferable examples of peptide (II) or a salt thereof are given below. 
(1) 



-Q-J— COKBCB2COD2Hal-D4ClPhe-D3Pal-Ser-HMeTyr -DLys (Hie ) - 
Leu-X*ys(Bisp)-Pro-DAlaMa2 



(2) 
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LqJ— COMHCH2COD2HaI-04CXPhe-D3PaI-Ser-HMeTyr-DLys(Hlc)- 
Leu-Ly s ( Hisp) -Fr o-DAlaHH2 * in( CH3COCS ) 



wherein m represents a real number from 1 to 3. 

(3) NAcD2Nal-D4CIPhe-D3Pal-Ser-Tyr-DhArg(Et2)-Leu-hArg(Et2)-Pro-DAIaNH2 

(4) NAcD2Nal-D4CIPhe-D3Pal-Ser-Tyr-DhArg(Et2)-Leu-hArg(Et2)-Pro-DAIaNE2»n(CH3COOH) 

wherein n represents a real number from 1 to 3. 

[0020] Peptide (II) or the salt thereof is preferably (1) or (2) above. 

[0021] Examples of the bloactive peptides include insulin, somatostatin, somatostatin derivatives (see US Patent 
Nos. 4,087,390, 4,093,574, 4,100,117 and 4.253,998). growth homnones, prolactin, adrenocorticotropic homione 
(ACTH), melanocyte-stimulating hormone (MSH), thyroid honnone-releasing honmone [represented by the structural 
formula (Pyr)Glu-His-ProNH2, hereinafter also referred to as TRH] and salts and derivatives thereof [see Japanese 
Patent Unexamined Publication Nos. 1 21 273/1 975 (USP No. 3959247) and 1 1 6465/1 977 (USP No. 41 001 52)], thyroid- 
stimulating hormone (TSH), luteinizing hormone (LH), follicle-stimulating honnone (FSH), vasopressin, vasopressin 
derivatives [desmopressin, see Folia Endocrinologica Japonica, Vol. 54, No. 5, pp. 676-691 (1978)], oxytocin, calci- 
tonin, parathyroid honnone, glucagon, gastrin, secretin, pancreozymin, cholecystokinin, angiotensin, human placental 
lactogen, human chorionic gonadotropin (HCG). enkephalin, enkephalin derivatives (see US Patent No. 4.277,394 and 
European Patent Publication No. 31567), endorphin, kyotorphin, interferons (e.g., a-, p- andy-interferons), interleukins 
(e.g., interleukins 1,11 and 111), tuftsin, thymopoietin, thymosin, thymostimulln, thymic humoral factor (THF), blood thymic 
factor (FTS) and derivatives thereof (see US Patent No. 4,229,438), other thymic factors [Igaku no Ayumi. Vol. 125, 
No. 1 0, pp. 835-843 (1 983)], tumor necrosis factor (TNF), colony-stimulating factor (CSF), motilin, daynorphin, bombe- 
sin, neurotensin, caerulein, bradykinin, urokinase, asparaginase, kallikrein, substance P, nerve growth factor, cell 
growth factor, nerve nutrition factor, hemagglutination factors VIII and IX, lysozyme chloride, polymixin B, colistin, 
gramicidin, bacitracin, erythropoietin (EPO), and endothelin-antagonistic peptides (see European Patent Publication 
Nos. 4361 89, 4571 95 and 496452, and Japanese Patent Unexamined Publication Nos. 94692/1 991 and 1 30299/1 991 ). 
[0022] Examples of antitumor agents include bleomycin, methotrexate, actinomycin D, mitomycin C, vinblastin sul- 
fate, vincrystin sulfate, daunorubicin, adriamycin, neocarzinostatin, cytosinearabinoside, fluorouracll, tetrahydrofuryl- 
5-fluorouracil, krestin, Picivanil, lentlnan, levamisole, Bestatin, glycyrrhizin, polyl.C, polyA:U and polylCLC. 
[0023] Examples of antibiotics include gentamicin, dibekacin, Kanendomycin, lividomycin, tobramycin, amikacin, 
fradlomycin, sisomycin, tetracycline hydrochloride, oxytetracycline hydrochloride, rolitetracycline, doxycycline hydro- 
chloride, ampicillin, piperacillin, ticarcillin, cefalothin, cefaloridine, cefotiam, cefsulodin. cefmenoxime, cefmetazole, 
cefazolin, cefotaxime, cefoperazon. ceftizoxime, mochisalactam, thienamycin, sulfazecin and aztreonam. 
[0024] Examples of antipyretic analgesic anti-inflammatory agents include salicylic acid, sulpyrine, flufenamic acid, 
diclofenac, indomethacln. morphine, pethidine hydrochloride, levorphanol tartrate and oxymorphone. 
[0025] Examples of antitussive expectorants include ephedrine hydrochloride, methylephedrine hydrochloride, 
noscapine hydrochloride, codeine phosphate, dihydrocodeine phosphate, allocramide hydrochloride, clofedanol hy- 
drochloride, picoperidamine hydrochloride, chloperastine, protokylol hydrochloride, isoproterenol hydrochloride, sulb- 
utamol sulfate and terbutaline sulfate. 

[0026] Examples of sedatives include chlorpromazine, prochlorperazine, trifluroperazine. atropine sulfate and me- 
thyl-scopolamine bromide. 

[0027] Examples of muscle relaxants include pridinol methanesuifonate. tubocurarine chloride and pancuronium 
bromide. 

[0028] Examples of antiepileptics include phenytoln, ethosuximide, acetazolamide sodium and chlordiazepoxide. 
[0029] Examples of antiutoer agents Include metoclopramlde and histidine hydrochloride. 
[0030] Examples of antidepressants include imipramine, clomipramine, noxiptiline and phenerdine sulfate. 
[0031] Examples of anti-allergic agents include diphenhydramine hydrochloride, chlorpheniramine maleate, tripe- 
tenamlne hydrochloride, clemlzole hydrochloride, diphenylpyraline hydrochoride and methoxyphenamlne hydrochlo- 
ride. 

[0032] Examples of cardiotonics include trans-pai-oxocamphor. theophyllol, aminophylllne and etMefrine hydrochlo- 
ride. 

[0033] Examples of antian-hythmic agents include propanol, alprenolol, bufetolol and oxprenolol. 

[0034] Examples of vasodilators Include oxyfedrine hydrochloride, diltiazem, tolazollne hydrochloride, hexobendine 
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and bamethan sulfate. 

[0035] Examples of hypotensive diuretics include hexamethonluni bromide, pentolfnium, mecamylamine hydrochlo- 
ride, ecarazine hydrochloride and clonidine. 

[0036] Examples of antidiabetics include glymidine sodium, glipizide, fenfomiin hydrochloride, bufonnin hydrochio- 
5 ride and metformin. 

[0037] Examples of anticoagulants Include heparin sodium and sodium citrate. 

[0038] Examples of hemolytics include thromboplastin, thrombin, menadione sodium hydrogen sulfite, acetomenap- 
thone, e-aminocaproic acid, tranexamic acid, carbazochrome sodium sulfonate and adrenochrome monoaminoguani- 
dine methanesulfonate. 

10 [0039] Examples of antituberculosis agents include isoniazid, ethambutol and p-aminosalicylic acid. 

[0040] Examples of homiones include predonizolone, predonizolone sodium phosphate, dexamethasone sodium 
sulfate, betamethasone sodium phosphate, hexestrol phosphate, hexestrol acetate and methimazole. 
[0041] Examples of narcotic antagonists include levallorphan tartrate, nalorphine hydrochloride and naloxone hy- 
drochloride. 

IS [0042] Examples of bone resorption suppressors include (sulfur-containing alkyi) aminomethylenebisphosphonic ac- 
id. 

[0043] Examples of angiogenesis suppressors include angiogenesis-suppressing steroid [see Science, Vol. 221 , p. 
71 9 (1 983)], fumagillin (see European Patent Publication No. 3251 99) and fumagillol derivatives (see European Patent 
Publication Nos. 357061 . 359036. 386667 and 415294). 
^ [0044] Of these bioactive substances, water-soluble ones are preferable for applications of the present invention, 
since preparations of water-soluble bioactive substances often show excess initial release. 

[0045] The water solubility of a bioactive substance is defined as the water-octanol distribution ratio. It is preferable 
that the present invention be applied to a bioactive substance whose water-octanol solubility ratio is not lower than 
0.1, more preferably not lower than 1. Oil-water distribution ratios can be detennined by the method described in 

25 "Butsuri Kagaku Jikkenho (Physlochemical Experimental Method)", by Jitsusaburo Samejima, published by Shokabo, 
1961 . Specifically, n-octanol and a buffer of pH 5.5 (1:1 by volume mixture) are placed in a test tube. The buffer is 
exemplified by Soerenzen buffer [Ergeb. Physiol., 12, 393 (1912)], Clark-Lubs buffer [J. Bact., 2(1), 109, 191 (1917)], 
Macllvalne buffer [J. Biol. Chem,, 49, 183, (1921)], MIchaelis buffer[Die Wasserstoffionenkonzentration), p. 186 (1914)] 
and Kolthoff buffer [Biochem. Z., 179, 410 (1926)]. An appropriate amount of such a bioactive substance is placed in 

30 the test tube, which is then stoppered and immersed in a constant-temperature chamber (25*C) with frequent vigorous 
shaking. When the bioactive substance appears to have dissolved in both liquid phases to reach an equilibrium, the 
liquid mixture is kept standing or centrif uged; a given amount is pipetted from each of the upper and lower layers, and 
analyzed for bioactive substance concentration In each layer, to obtain the ratio of the bioactive substance concentration 
In the n-octanol layer to that in the water layer for the oil-water distribution ratio. 

3S [0046] The bioactive substance may be used as such or as a pharmacologically acceptable salt (e.g., salts with 
inorganic acids such as hydrochloric acid, sulfuric acid and nitric acid, and salts with organic acids such as carbonic 
acid and succinic acid, when the bioactive substance has a basic group, such as the amino group; salts with inorganic 
bases such as salts w'rth sodium, potassium and other alkali metals, salts with organic base compounds such as 
triethylamine and other organic amines, and salts with basic amino acids such as arginine, when the bioactive sub- 

40 stance has an acidic group such as the carboxy group). 

[0047] The content of the bioactive substance such as peptides In sustained-release microcapsules is preferably 
about 0.01 to 40% (w/w), more preferably about 0,1 to 30% (w/w) of the microcapsule weight, depending on the kind 
of peptide used, desired phannaco logical effect, duration of action and other factors. 
[0048] A biodegradable polymer is used as the base for the microcapsules of the present invention. 

^ [0049] The biodegradable polymer for the present invention preferably has a free carboxyl group at one end. The 
biodegradable polymer having a free cartaoxyl group at one end Is defined as a biodegradable polymer whose number- 
average molecular weight, as determined by GPC measurement, and that detemriined by terminal group quantitation 
almost agree with each other. 

[0050] By temriinal group quantitation, number-average molecular weight is calculated as follows: 
so [0051] About 1 to 3 g of the biodegradable polymer Is dissolved in a mixed solvent of acetone (25 ml) and methanol 
(5 ml), and the solution is quickly titrated with a 0.05 N alcoholic solution of potassium hydroxide while being stirred at 
room temperature (20''C) with phenolphthalein as an Indicator to determine the terminal carboxyl group content; the 
number-average molecular weight Is calculated using the following equation: 

55 

Number-average molecular weight based on terminal 
group quantitation = 20000 x A/B 
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A: Weight mass (g) of the biodegradable polymer 

B: Amount (ml) of the 0.05 N alcoholic solution of potassium hydroxide added until the titration end point is reached 

[0052] For example, In the case of a polymer having a free carboxyl group at one end, and synthesized from one or 
5 more a-hydroxy acids by catalyst-free dehydration polymerization condensation, the number-average molecular weight 
based on GPC measurement and the number-average molecular weight based on temninal group quantitation almost 
agree. On the other hand, in the case of a polymer having essentially no free carboxyl group at one end, and synthesized 
from a cyclic dimer by ring-opening polymerization using a catalyst; the number-average molecular weight based on 
temninal group quantitation is significantly higher than the number-average molecular weight based on GPC measure- 
10 ment. This difference makes it possible to cleariy differentiate a polymer having a free carboxyl group at one end from 
a polymer having no free carboxyl group at one end. 

[0053] While the number-average molecular weight based on temninal group quantitation is an absolute value, the 
number-average molecular weight based on GPC measurement is a relative value that varies depending on various 
analytical conditions (e.g., kind of mobile phase, kind of column, reference substance, slice width chosen, baseline 

IS chosen); it is therefore difficult to have an absolute numerical representation of the latter. However, the fact that the 
number-average molecular weight based on GPC measurement and that based on terminal group quantitation almost 
agree with each other means that the number-average molecular weight based on terminal group quantitation falls 
within the range from about 0.4 to 2 times, preferably from about 0.5 to 2 times, and more preferably from about 0,8 
to 1.5 times, the number-average molecular weight based on GPC measurement. Also, the fact that the number- 

20 average molecular weight based on terminal group quantitation is significantly higher than that based on GPC meas- 
urement means that the number-average molecular weight based on terminal group quantitation Is about 2 times or 
more the number-average molecular weight based on GPC measurement. 

[0054] The weight-average molecular weight of the above-described biodegradable polymer is preferably about 
3,000 to 30,000, more preferably about 5,000 to 25,000, and stilt more preferably about 7,000 to 20,000. 
25 [0055] The degree of dispersion of the biodegradable polymer (weight^average molecular weight/number-average 
molecular weight) Is preferably about 1 .2 to 4.0, more preferably about 1 .5 to 3.5. 

[0056] Examples of biodegradable polymers having a free carboxyl group at one end Include homopolymers and 
copolymers synthesized from one or more a-hydroxy acids, usually a-hydroxycarboxyllc acid (e.g., glycolic acid, lactic 
acid, hydroxybutyric acid), hydro xydicarboxylic acids (e.g., malic acid), hydroxytricarboxylic acids (e.g., citric acid) etc. 

30 by catalyst-free dehydration polymerization condensation, mixtures thereof, poly-a-cyanoacrylates, polyamino acids 
(e.g., poly-Y-benzyl-L-glutamIc acid) and maleic anhydride copolymers (e.g., styrene-maieic acid copolymers). 
[0057] Polymerization may be of the random, block or graft type. When the above-mentioned a-hydroxy acids, hy- 
droxydicarboxylic acids and hydroxytrbarisoxyiic acids have an optical active center in their molecular structures, they 
may be of the D-, L- or DL-configuration. 

35 [0058] Biodegradable polymers for the present Invention can, for example, be produced by known methods, such 
as those described in Japanese Patent Unexamined Publication Nos. 17525/1975, 45920/1 981 (EPA26599), 
11 8512/1 982(EPA52510), 1 50609/1 982(EPA58481), 28521/1 986(EPA1 72636) and 54760/1 987(EPA202065). and 
European Patent Publication No. 481732, or modifications thereof. 

[0059] The biodegradable polymer having a free carboxyl group at one end is preferably (1) a lactic acid homopol- 
40 ymer, (2) a lactic acid/glycolic acid copolymer or (3) a biodegradable polymer comprising a mixture of a copolymer of 
glycolic acid and a hydroxycarboxylic acid represented by the formula (ill): 



R 

« (III) 
HOCHCOOH 



wherein R represents an alkyi group having 2 to 8 carbon atoms (hereinafter referred to as glycolic acid copolymer 
(A)), and a polylactic acid (hereinafter referred to as poly lactic acid (B)). 

[0060] More preferably, the biodegradable polymer having a free carboxyl group at one end is a lactfc acid homopol- 
ymer or a lactic acid/glycolic acid copolymer. 

[0061] When a lactic acid/glycolic acid copolymer or homopolymer is used as the biodegradable polymer, its content 
ratio (lactic acid/glycolic acid) (mol%) is preferably about 100/0 to 50/50, more preferably about 90/10 to 60/40. The 
lactic acid/glycolic acid content ratio (mol%) is most preferably about 80/20 to 70/30. A lactic acid homopolymer is also 
preferred. 

[0062] The above-described lactic acid homopolymer and lactic acid/glycolto acid copolymer can be produced by a 
known process, such as that described in Japanese Patent Unexamined Publication No. 28521/1 986(EPA1 72636). 
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[0063] The decomposition/elimination rate of a lactic acid homopoiymer varies widely, depending on molecular 
weight. To obtain a sustained-release preparation of the long acting type (e.g., 1-4 nnonths), it is preferable to use a 
lactic acid homopoiymer whose weight-average molecular weight is within the above-described range. 
[0064] The decomposition/elimination rate of a lactic acid/giycolic acid copolymer varies widely, depending on com- 
position or molecular weight. However, drug release duration can be extended by lowering the glycolic acid ratio or 
increasing the molecular weight, since decomposition/elimination is usually delayed as the glycolic acid ratio decreases. 
Conversely, drug release duration can be shortened by increasing the glycolic acid ratio or decreasing the molecular 
weight. To obtain a sustained-release preparation of the relatively long acting type (e.g., 1 month), it is preferable to 
use a lactic acid/glycolic acid copolymer whose content ratio and weight-average molecular weight fall in the above 
ranges. If choosing a lactic acid/glycolic acid copolymer that decomposes more rapidly than that whose content ratio 
and weight-average molecular weight fall in the above ranges, initial burst is difficult to suppress; if choosing a lactic 
acid/glycolic acid copolymer that decomposes more slowly than that whose content ratio and weight-average molecular 
weight fall in the above ranges, it is likely that no effective amount of drug is released during some period. 
[0065] With respect to the formula (III) above, the linear or branched alkyl group represented by R, which has 2 to 
8 carbon atoms, is exemplified by ethyl, propyl, isopropyl, butyl, isobutyi, sec-butyl, tert-butyl, pentyl, isopentyl, neo- 
pentyl, tert-pentyl, 1 -ethylpropyl, hexyl, isohexyl, 1 ,1-dimethylbutyl, 2,2-dlmethylbutyl, 3,3-dimethylbutyl and 2-ethyl- 
butyl. Preferably, a linear or branched alkyl group having 2 to 5 cartDon atoms is used. Such alkyl groups include ethyl, 
propyl, isopropyl, butyl and isobutyi. More preferably, R is ethyl. 

[0066] The hydroxycartDoxylic acid represented by the fomriula (III) is exemplified by 2-hydroxybutyric acid, 2-hydrox- 
yvaleric acid, 2-hydroxy-3-methylbutyric acid, 2-hydroxycaproic acid, 2-hydroxyisocaproic acid and 2-hydroxycapric 
acid, with preference given to 2-hydroxybutyric acid, 2;hydroxyvalerlc acid, 2-hydroxy-3-methylbutyric acid and 2-hy- 
droxycaprolc acid, with greater preference given to 2-hydroxybutyric acid. Although the hydroxycartDoxylic acid may 
be of the D-, L- or D,L-configuration, it is preferable to use a mixture of the D- and L-configu rations wherein the ratio 
of the D-/L-configuratlon (mol%) preferably falls within the range from about 75/25 to 25/75, more preferably from about . 
60/40 to 40/60, and still more preferably from about 55/45 to 45/55. 

[0067] With respect to glycolic acid copolymer (A), polymerization may be of random, block or graft type. A random 
copolymer is preferred. 

[0068] The hydroxycarboxylic acid represented by the fonnula (III) may be a mixture of one or more kinds In a given 
ratio. 

[0069] With respect to the content ratio of glycolic acid and the hydroxycarboxylic acid represented by the fomiula 
(111) in glycolic acid copolymer (A), it is preferable that glycolic acid account for about 10 to 75 mol% and hydroxycar- 
boxylk: acid for the remaining portion. More preferably, glycolic acid accounts for about 20 to 75 mol%, and still more 
preferably about 40 to 70 mol%. The weight-average molecular weight of glycolic acid copolymer (A) Is nonmally about 
2,000 to 50,000, preferably about 3.000 to 40,000, and more preferably about 8,000 to 30,000. The degree of dispersion 
of glycolic acid copolymer (A) (weight-average molecular weight/number-average molecular weight) is preferably about 
1 .2 to 4.0. more preferably about 1 .5 to 3.6. 

[0070] Glycolic acid copolymer (A) above can be produced by a known process, such as that described in Japanese 
Patent Unexamined Publication No. 28521/1 986 (EPA 172636). 

[0071] Although polylactic acid (B) may be of the D- or L-configu ration or a mixture thereof, it is preferable that the 
ratio of the D-/L-configuration (mol%) fall within the range from about 75/25 to 20/80. The ratio of the D-/L-configuration 
(mol%) Is more preferably about 60/40 to 25/75, and still more preferably about 55/46 to 25/75. The weight-average 
molecular weight of polylactic acid (B) is preferably about 1 ,500 to 30,000, more preferably about 2,000 to 20,000, and 
still more preferably about 3,000 to 1 5,000. Also, the degree of dispersion of polylactic acid (B) Is preferably about 1 .2 
to 4.0, more preferably about 1 .5 to 3.5. 

[0072] For producing polylactic acid (B), two methods are known: ring-opening polymerization of lactide, a dimer of 
lactic acid, and dehydration polymerization condensation of lactic acid. For obtaining polylactic acid (B) of relatively 
low molecular weight for the present invention, direct dehydration polymerization condensation of lactic acid is pre- 
ferred. This method Is, for example, described in Japanese Patent Unexamined Publication No. 28521/1986 
(EPA1 72636). 

[0073] Glycolic acid copolymer (A) and polylactic acid (B) are used In a mixture wherein the (A)/(B) ratio (% by weight) 
falls within the range from about 1 0/90 to 90/1 0. The mixing ratio (% by weight) is preferably about 20/80 to 80/20, and 
more preferably about 30/70 to 70/30. If either component (A) or (B) Is in excess, the preparation obtained shows a 
bioactive substance release pattern no more than that obtained with the use of component (A) or (B) alone; no linear 
release pattern is expected in the last stage of drug release from the mixed base. Although the decomposition/elimi- 
nation rate of glycolic acid copolymer (A) and polylactic acid (B) varies widely, depending on molecular weight or 
composition, drug release duration can be extended by Increasing the molecular weight of polylactic acid (B) or lowering 
the mixing ratio (A)/(B), since the decomposition/elimination rate of glycolic acid copolymer (A) is usually higher than 
that of polylactic acid (B). Conversely, drug release duration can be shortened by decreasing the molecular weight of 
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polylactic acid added or increasing the mixing ratio (A)/(B). Drug release duration can also be adjusted by altering the 
kind and content ratio of hydroxycarboxylic acid represented by the fonnuta [III]. 

[0074] With respect to sustained-release microcapsules, the content ratio of biodegradable polymer varies, depend- 
ing on the kind of polyn^ier etc., but is preferably not less than 60% (w/w), more preferably not less than 70% (w/w), 

5 relative to the microcapsules. 

[0075] Especially, in the sustained-release microcapsules of a peptide of the fomiula (I) as the bioactive substance 
it is preferred that the bioactive substance is contained at the final content ratio of 5-15% (w/w) based on the final 
product of the sustained-release microcapsules and the biodegradable polymer is contained at the final content ratio 
of 80-95% (w/w) based on the same. 

10 [0076] Regarding weight-average molecular weight and degree of dispersion, the present specification holds that 
the fomier is based on polystyrene obtained by gel permeation chromatography (GPC) with 9 polystyrenes as reference 
substances with weight-average molecular weights of 120,000, 52,000, 22,000, 9,200, 5,050, 2,950, 1,050, 580 and 
1 62, respectively, and that the latter is calculated therefrom. Measurements were taken using a GPC column KF804Lx2 
(produced by Showa Denko) and an Rl monitor L-3300 (produced by Hitachi. Ltd.), with chloroform as a mobile phase. 

IS [0077] The production method of the present invention is hereinafter described in detail. 

[0078] In the present invention, microcapsules containing a bioactive substance and a biodegradable polymer can, 
for example be produced from a w/o emulsion with a solution containing a bioactive substance as an internal aqueous 
phase and a solution containing a biodegradable polymer as an oil phase. Specifically, the known methods of micro- 
capsulation described below, such as the in-water drying method, phase separation method and spray drying method, 

20 and modifications thereof are used. 

[0079] First, a bioactive substance is dissolved or dispersed in water, with a drug support or a drug-retaining sub- 
stance, such as gelatin, agar, alginic acid, polyvinyl alcohol or a basic amino acid (e.g., Lys, His), dissolved or suspended 
when necessary, to yield an internal aqueous phase. The drug support is preferably gelatin. 

[0080] The drug concentration in the internal aqueous phase is preferably 0.1 to 200% (w/v), more preferably 20 to 
25 1 1 0% (w/v), and still more preferably 30 to 1 00% (w/v). 

[0081] The weight ratio of the drug support and bioactive substance is nonmally 100:1 to 1:100, preferably 10:1 to 
1 :50, and more preferably 10:1 to 1 :10. 

[0082] The internal aqueous phase may be supplemented with a pH regulator for retaining bioactive substance sta- 
bility or solubility, such as carbonic acid, acetic acid, oxalic acid, citric acid, phosphoric acid, hydrochloric acid, sodium 
30 hydroxide, arginine, lysine or a salt thereof. In addition, albumin, gelatin, citric acid, sodium ethylenediaminetetraace- 
tate, dextrin, sodium hydrogen sulfite, polyol compounds such as polyethylene glycol, etc., as bioactive substance 
stabilizers, and commonly used p-oxybenzoates (e.g., methyl paraben, propyl paraben), benzyl alcohol, chlorobutanol, 
thimerosal etc., as preservatives, may be added. 

[0083] The Internal aqueous phase thus obtained is added to a solution (oil phase) containing a biodegradable pot- 
35 ymer, followed by emulslfication, to yield a w/o emulsion. Emulsificatlon is achieved by a known dispersing method. 
Useful dispersing methods include the intermittent shaking method, the method using a mixer, such as a propeller 
stirrer or a turbine homomixer, the colloidal mill method, the homogenizer method and the uftrasonication method. 
[0084] The above-described solution (oil phase) containing a biodegradable polymer is prepared by dissolving the 
polymer In an organic solvent. Any organic solvent serves this purpose, as long as it has a boiling point not higher than 
40 about 120°C, is immiscible with water and dissolves the biodegradable polymer. Such solvents include halogenated 
hydrocarbons (e.g., dichloromethane, chloroform, chloroethane, trichloroethane, carbon tetrachloride), fatty acid esters 
(e.g., ethyl acetate, butyl acetate), ethers (e.g., ethyl ether, Isopropyl ether) and aromatic hydrocartDons (e.g., benzene, 
toluene, xylene). These solvents may be used in combination. The organic solvent used is preferably a halogenated 
hydrocarbon, more preferably dichloromethane. 
45 [0085] Although the polymer concentration in the oil phase is not subject to limitation, as long as the final biodegrad- 
able polymer content in microcapsules Is not less than 60% (w/w), preferably 70 to 99% (w/w), it is preferably about 
0.1 to 80% (w/w), more preferably about 1 to 70% (w/w), and most preferably about 10 to 60% (w/W), depending on 
the molecular weight of said polymer and the kind of soh^ent. 

[0086] Next, the thus-obtained w/o emulsion is subjected to a microcapsulatlon process. 

50 

(1) In-water drying method 

[0087] To produce microcapsules from a w/o emulsion by the in-water drying method, for instance, the w/o emulsion 
is added to another aqueous phase (external aqueous phase), i.e., a third phase, to yield a w/o/w emulsion, after which 
55 the solvent is evaporated from the oil phase, to yield microcapsules. 

[0088] A w/o/w emulsion is prepared by the same emulsificatlon procedure as that used to prepare a w/o emulsion. 
[0089] Solvent evaporation from the oil phase can be achieved by known methods, including the method in which 
the solvent is evaporated under nomnal or gradually reduced pressure during stirring using a propeller stirrer, magnetic 
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stirrer or the like, and the method in which the solvent Is evaporated while the degree of vacuunn is adjusted using a 
rotary evaporator or the like. 

[0090] The volunne of the external aqueous phase Is normally 1 to about 1 0,000 times, preferably about 1 0 to 2,000 
times, and more preferably about 50 to 500 times, that of the w/o emulsion prepared. 
s [0091] Before the w/o emulsion is added, the external aqueous phase's temperature may be adjusted to about 10 
to 20«C. 

[0092] An emulstfier may be added to the third, aqueous phase. The emulsifier may be any one, as long as it is 
capable of forming a stable o/w emulsion. Such emulsifiers include anionic surfactants (e.g., sodium oleate, sodium 
stearate, sodium iauryl sulfate), nonionic surfactants [e.g., polyoxyethylene sorbltan fatty acid esters (Tween 80, Tween 
10 60, Atlas Powder Company), polyoxyethylene castor oil derivatives (e.g., IHCO-60, HCO-50, Nikko Chemicals)], poly- 
vinylpyrrolidone, polyvinyl alcohol, carboxymethyl cellulose, lecithin and gelatin. These emulsifiers may be used singly 
or in combination. The emulsifier is preferably polyvinyl alcohol. The emulsifier concentration (w/v) can be chosen as 
appropriate over the range from about 0.01% to 20%, preferably from about 0.05% to 10%, relative to the external 
aqueous phase. 

IS [0093] The thus-obtained microcapsules are centrifuged or filtered to separate them, after which they are washed 
with distilled water several times to remove the free bioactive substance, drug support, emulsifier etc. adhering to the 
microcapsule surface. The microcapsules are then again dispersed in distilled water etc. and lyophilized. To prevent 
mutual aggregation of particles during lyophilization, an antboagulant [e.g., water-soluble saccharides such as man- 
nitol, lactose, glucose and starches (e.g., corn starch), amino acids such as glycine and alanine, proteins such as 

20 gelatin, fibrin and collagen, and inorganic salts such as sodium chloride, sodium bromide and potassium carbonate] 
may be added. The anticoagulant is preferably mannitof. The mixing ratio (by weight) of microcapsules and anticoag- 
ulant is normally about 50:1 to 1 :1 , preferably about 20:1 to 1 :1 , and more preferably about 10:1 to 5:1 . 

(2) Phase separation method 

25 

[0094] For producing microcapsules by the phase separation method, a coacervating agent Is gradually added to 
the above-described w/o emulsion while the emulsion is stinred, to precipitate and solidify the high molecular polymer. 
[0095] Any coacervating agent can be used, as long as it Is a polymerk:, mineral oil or vegetable oil compound 
miscible with the solvent for the high molecular polymer and that does not dissolve the polymer for capsulation. Such 
30 coacervating agents include silicon oil, sesame oil, soybean oil, corn oil, cotton seed oil, coconut oil, linseed oil, mineral 
oil, n-hexane and n-heptane. These may be used in combination of two or more kinds. The thus-obtained microcapsules 
are filtered to separate them, after which they are repeatedly washed with heptane etc. to remove the coacervating 
agent. The free drug and solvent are then removed in the same manner as in the aqueous drying method. 

35 (3) Spray drying method 

[0096] For producing microcapsules by the spray drying method, the above-described w/o emulsion Is sprayed via 
a nozzle into the drying chamber of a spray drier to volatilize the organic solvent and water in the fine droplets in a 
very short time, to yield fine microcapsules. The nozzle Is exemplified by the double-fluid nozzle, pressure nozzle and 
40 rotary disc nozzle. To prevent microcapsule coagulation or aggregation where desired, an aqueous solution of the 
above-described anticoagulant may be effectively sprayed via another nozzle, anticoagulant while the w/o emulsion 
is sprayed. 

[0097] For production of sustained-release microcapsules of a peptide of the formula (I) as the bioacthre substance, 
preferably, microcapsulatlon can be conducted by an in-water drying method. 
45 [0098] The microcapsules thus obtained may have the water and solvent removed by heating at increased temper- 
ature under reduced pressure when necessary. 

[0099] Microcapsules obtained by the above-described In-water drying method, phase separation method or spray 
drying method are thennally dried at a temperature not lower than the glass transition point of the biodegradable 
polymer used as the base at which the particles of said microcapsules do not melt and do not adhere mutually, when 
so necessary, under reduced pressure, to ensure the removal of the water and organic solvent from the microcapsules 
and improve the sustained-release property. Remaining organic solvent is preferably reduced to such an extent of less 
than lOOOppm, preferably less than SOOppm, most preferably less than lOOppm. 

[0100] Glass transition point is defined as the intermediate glass transition point (Tmg) obtained using a differential 
scanning calorimeter (DSC) when the temperature is increased at a rate of 10 or20°C per minute. 
ss [01 01] Although heating is preferably subsequent to the lyophilization or thermal drying of sustained-release micro- 
capsules, this mode Is not limitative; for example, heating may follow microcapsule dispensing. 
[0102] If the heating temperature is lower than the glass transition point of the biodegradable polymer used as the 
base, the initial release of the bioactive substance In excess is not improved; if the heating temperature is too high, 
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the risk of microcapsule fusion and deformation, bioactive substance decomposition, deterioration etc. increases. Al- 
though heating temperature depends on conditions, it can be detennined as appropriate, in consideration of the physical 
properties (e.g., molecular weight, stability) of the biodegradable polymer used as the base, bioactive substance, mean 
particle size of microcapsules, heating time, degree of microcapsule drying, heating method etc. 

s [0103] Preferably, microcapsules are thermally dried at a temperature not lower than the glass transition point of the 
biodegradable polymer used as the base at which the particles of said microcapsules are do not melt and do not adhere 
mutually, more preferably in the temperature ranging from the glass transition point of the biodegradable polymer used 
as the base to a temperature higher by about 30°C than the glass transition point. Especially when (1) a lactic acid 
homopolymer or (2) a lactic acid/glycolic acid copolymer is used, heating temperature is preferably a temperature 

10 ranging from the glass transition point of the polymer used to a temperature higher by 5*0 than the glass transition 
point, more preferably a temperature ranging from the glass transition point of the polymer used to a temperature higher 
by 3'*C-4**C than the glass transition point for good sustained release preparation. 

[0104] Furthermore, it is preferable to heat at a temperature higher by 3'*C-4''C than the glass transition point in 
order to avoid and suppress coagulation or aggregation of microcapsules, because such coagulation or aggregation 
IS is more likely to occur when heated at a temperature above the temperature higher by 5°C than the glass transition 
point, especially at the earlier stage of thennal drying when more organic solvent remains. 

[0105] Thermal heating time also varies, depending on heating temperature, the amount of microcapsules treated 
and other factors, it is generally preferable that thermal heating time be about 24 to 120 hours, more preferably about 
48 to 96 hours after the microcapsules reach a given temperature. Especially, concerning the upper limit of heating 
20 time, to reduce remaining organic solvent and water content below the acceptable level, heating can be continued, 
while it is preferred to finish thermal drying as soon as the organic solvent and water content is reduced up to the 
acceptable level, to avoid or minimize physical contact among soften microcapsules and deformation caused by load 
of piled soften microcapsules, 

[0106] Any heating method can be used, as long as microcapsules are uniformly heated. 

25 [0107] Preferable thermal drying methods include the method in which thermal drying Is conducted in a constant- 
temperature chamber, fluidized bed chamber, mobile phase or kiln, and the method using microwaves for thermal 
drying, with preference given to the method in which thermal drying is conducted in a constant-temperature chamber. 
[0108] Although sustained-release microcapsules produced by the method of the present invention can be admin- 
istered to the living body in the form of fine granules as such, they can also be administered after shaping into various 

30 preparations, and can also be used as starting materials to produce such preparations. 

[0109] Such preparations include injectable preparations, oral preparations (e.g., powders, granules, capsules, tab- 
lets), nasal preparations and suppositories (e.g., rectal suppositories, vaginal suppositories). Although the amount of 
bioactive substance in these preparations is variable according to the kind of bioactive substance, dosage form, target 
disease etc., it is normally about 0.001 mg to 5 g, preferably about 0.01 mg to 2 g, per unit of preparation. 

3s [01 10] These preparations can be produced by known methods in common use for pharmaceutical making. 

[01 1 1] For example, sustained-release microcapsules produced by the method of the present invention can be pre- 
pared as injectable preparations by suspending in water with a dispersing agent [e.g. Tween 80, HC060 (produced by 
Nikko Chemicals), carboxymethyl cellulose, sodium alginate], a preservative (e.g., methyl paraben, propyl paraben, 
benzyl alcohol, chlorobutanol), an isotonizing agent (e.g., sodium chloride, glycerol, sorbitol, glucose) etc. to yield an 

40 aqueous suspension, or by dispersing in a vegetable oil such as olive oil, sesame oil, peanut oil, cottonseed oil or corn 
oil, propylene glycol, or the like to yield an oily suspension. 

[0112] Further, sustained-release microcapsules produced by the method of the present invention can be loaded 
into a chamber of a pre-f ilted syringe or can be loaded into a chamber together with water with dispersing agents in a 
separate chamber of the pre-filled syringe, so-called Double-Chamber Pre-fllled Syringe. 

[0113] Furthermore, an injectable preparation of the above-described sustained-release microcapsules may be re- 
dispersed in the presence of an excipient (e.g., anticoagulants such as mannitol, sorbitol, lactose, glucose), in addition 
to the above components, then lyophillzed or spray dried to solidify them, followed by the addition of distilled water for 
injection or an appropriate dispersant at use, to yield a more stable sustained-release preparation. 
[0114] An oral preparation can be produced by, for example, adding an excipient (e.g., lactose, sucrose, starch), a 

so disintegrating agent (e.g., starch, calcium carbonate), a binder (e.g., starch, gum arable, carboxymethyl cellulose, 
polyvinylpyrrolidone, hydroxypropyl cellulose) or a lubricant (e.g., tato, magnesium stearate, polyethylene glycol 6000) 
to sustained-release microcapsules as produced by the method of the present invention, subjecting the mixture to 
compressive shaping, both by a well-known method, followed by coating to mask the taste or conferring an enteric or 
sustained-release property by a well-known method when necessary. Useful coating agents include hydroxypropyl- 

ss methyl cellulose, ethyl cellulose, hydroxymethyl cellulose, hydroxypropyl cellulose, polyoxyethylene glycol, Tween 80, 
Pluronic F68, cellulose acetate phthalate, hydroxypropyimethyl cellulose phthalate, hydroxypropylmethyl cellulose ac- 
etate succinate, Eudragit (Rohm Company, West Germany, methacrylic acid-acrylic acid copolymer), and dyes such 
as titanium oxide and iron oxide red. 
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[0115] The nasal preparation produced by the method of the present invention in accordance with a well-known 
nfiethod may be solid, semi-solid or liquid. For example, a solid nasal preparation can be produced by powdering the 
sustained-release microcapsules, as such or in mixture with an excipient (e.g., glucose, mannitol. starch, microcrys- 
talline cellulose), a thickening agent (e.g., natural rubber, cellulose derivative, acrylic acid polymer) etc. A liquid nasal 
5 preparation can be produced as an oily or aqueous suspension, in almost the same manner as for an injectable prep- 
aration. The semi-solid nasal preparation is preferably an aqueous or oily gel or ointment. All these preparations may 
contain a pH regulator (e.g., carbonic acid, phosphoric acid, citric acid, hydrochloric acid, sodium hydroxide), an anti- 
septic (e.g., p-oxybenzoate, chlorobutanol, benzalkonium chloride) etc. 

[01 16] The suppository may be an oily or aqueous solid, semi-sotid or liquid prepared by a well-known method from 
10 sustained-release microcapsules as produced by the method of the present invention. Any oliy base can be used to 
produce a suppository, as long as it does not dissolve said microcapsules. Such oily bases include glycerides of higher 
fatty acids [e.g., cacao fat, Witepsol-series products (Dynamite Nobel Company)], moderate fatty acids [e.g., MIGLYOL- 
series products (Dynamite Nobel Company)], and vegetable oils (e.g., sesame oil, soybean oil, cottonseed oil). Aque- 
ous bases include polyethylene glycols and propylene glycol. Aqueous gel bases include natural rubbers, cellulose 
15 derivatives, vinyl polymers and acrylic acid polymers. 

[01 1 7] Sustained-release microcapsules produced by the method of the present invention are preferably used in the 
form of an injectable preparation. 

[01 1 8] When sustained-release microcapsules produced by the method of the present invention are used in the form 
of an injectable suspension, for Instance, their mean particle size is chosen over the range from about 0.1 to 500 ^m. 
20 as long as the requirements conceming the degree of dispersion and needle passage are met. Preferably, the mean 
particle size is about 1 to 300 more preferably about 2 to 200 jim. 

[0119] The sustained- re lease microcapsules produced by the method of the present invention are capable of releas- 
ing a bioactive substance for a prolonged period ranging from a few days to about 1 year and thus can be administered 
with an administration schedule of once a few days or a week to even once a year, usually once a month to once per 
25 a few months. 

[0120] The sustained-release microcapsule preparation produced by the method of the present invention is of low 
toxk:ity and can be used safety. 

[01 21] Although varying widely depending on kind and content of active Ingredient bioactive substance, dosage forni, 
duration of drug release, subject animal species (e.g., warm-blooded mammals such as mice, rats, horses, bovines 

30 and humans), target disease (e.g., sex hormone-dependent diseases such as prostatic cancer, prostatic hypertrophy, 
endometriosis, dysmenonliea, precocious puberty and breast cancer, and contraception) and other factors, the dose 
of the sustained-release microcapsule preparation produced by the method of the present invention may be set at any 
level, as long as the active ingredient is effective. The dose of the preparation per administration can be chosen as 
appropriate over the range from about 1 mg to 1 0 g, preferably from about 5 mg to 2 g per adult (weight 50 kg). When 

35 the sustained-release preparation Is used as an Injectable suspension, its volume can be chosen as appropriate over 
the range from about 0.1 to 5 ml, preferably from about 0.5 to 3 ml. 

[0122] Peptide (I) or (II) or salts thereof for the present invention possess LH-RH agonizing or antagonizing activity; 
sustained-release microcapsule preparations containing peptide (I) or (II) and salts thereof, produced by the production 
method of the present invention, are useful as agents treating sex hormone dependent diseases such as prostatic 
40 hypertrophy, prostatic cancer, hysteromyoma, endometriosis, dysmenorrhea, precocious puberty and breast cancer, 
and as contraceptives. Especially when peptide (I) or a salt thereof is used as the bioactive agent for the agents treating 
the above-mentioned diseases or contraceptives, unit dose for an adult (weighting 50 kg) of peptide (I) per se ranges 
from 1 mg to 100 mg, preferably 2 mg to 50 mg. 

45 Examples 

[0123] The present invention is hereinafter described in more detail by means of the following examples. 
[0124] In the description below, Tmg represents an intermediate glass transition point as defined above. 

50 Example 1 

[01 25] One gram of leuprorelln acetate (TAP-1 44) and 1 57.5 mg of gelatin were dissolved In 1 .0 ml of distilled water, 
previously heated to TO-SO'^C, with heating. To this solution, while being slightly wanned to the extent that the gelatin 
did not solidify, 21 g of a solution of 7.85 g of lactic acid/glycolic acid copolymer (lactic acid/glycolic acid = 75/25 mol%, 
55 viscosity 0.155, weight-average molecular weight about 11 ,000, these viscosity and weight-average molecular weight 
were determined in the manner mentioned below, Wako Pure Chemical) in 13;15 g of dichioromethane was added, 
followed by stirring emulsification with a small homogenlzer for several minutes, to yield a w/o emulsion. After being 
cooled to 1 0-20^C, this emulsion was injected to 5,000 ml of a 0.1% (w/v) aqueous solution of polyvinyl alcohol, pre- 
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viou«ly adjusted to 1 0-20°C, followed by stirring emulsif ication with a turbine type homomixer, to yield a w/o/w emulsion. 
Thl& emulsion was stirred at 20-35°C to volatilize the dichloronnethane and solidify the internal w/o emulsion, which 
was then collected using a centrifuge. The collected solid was again dispersed in distilled water and centrlfuged, after 
which the free drug, polyvinyl alcohol etc. were washed down. The collected microcapsules were suspended in a small 

5 amount of distilled water, In which 1.5 g of Dnnannitol was dissolved; the resulting microcapsule suspension was 
lyophilized under reduced pressure to yield microcapsules. Weight-Average Molecular Weight: 
[01 26J Dissolve 0.20 g of the copolymer in 1 0 ml of tetrahydrof uran (THF) and use this solution as the sample solution. 
Separately, dissolve 0.1 g of each of standard polystyrene preparations [Toso (Japan), Catalog No. F-1 0, F-2, A-5000 
and A-1000, having weight-average molecular weights of about 96400, about 5570. about 19600 and about 820, re- 

10 speotiveiy were used], in 10 ml of THF, and use this solution as standard solution A. Also, dissolve 0.1 g of each of 
otherstandard polystyrene preparations [Toso (Japan) Catalog No. F-4, F-1 , A-2500 and A-500 having weight-average 
molecular weights of about 37900, about 91 00, about 2980 and about 500, respectively were used], in 10 ml of THF, 
and use this solution as standard solution B. Analyze 1 00 p,l of each of the sample solution and standard solutions A 
and B by gel permeation chromatography under the operating conditions shown below, and detennine weight-average 

IS molecular weight (M^) as directed below: 

(Operating conditions) 
[0127] 



20 





Detector 


1 Rl detector (Shodex Rl SE-51 , Showa Denko) or equivalent 




Columns 


Connect pre-column Shodex A-800p (50 x 6 mm i.d.) with Shimadzu HSG-30 (500 x 7.9 
1 mm i,d.), Shimadzu HSG-20 (500 x 7.9 mm i.d.), Shimadzu HSG-15 (500 x 7.9 mm i.d.) 
1 and Shimadzu HSG-10 (500 x 7.9 mm i.d.) in descending order of packing pore size, or 


25 




{ equivalent. 




Column temperature 


1 Constant around SO^C 

t 




Mobile phase 


j Tetrahydrof uran 




Flow rate 


1 1 .0 ml/min 


30 


Injection volume 


1 100^1 



(Calculation) 



45 



[01 28] Plot retention times for standard polystyrene solutions A and B versus logarithmic molecular weight to draw 
working calibration curves. Next, fractionate the copolymer components eluted from the sample solution at 30-second 
intervals, and detemnine the area of each fraction by the automatic area Integration method. 

Viscosity: 

[0129] Weigh precisely about 1 .0 g of the copolymer, dissolve in chloroform to make exactly 100 ml, and use this 
solution as the sample solution. Measure fall time with the sample solution and chloroform by viscometry at 25*'C using 
Ubbelohde's viscometer, and determine viscosity In accordance with the following fomnula 



loge 



saunple solution £all time (sec) 



chloroform fall time (sec) 



\riscosity « 



so sample weight (g) 

» 

Example 2 

55 [01 30] Using lactic acid/glycolic acid copolymer (lactic acid/glycolic acid=75/25, viscosity 0.1 54, weight-average mo- 
lecular weight about 1 0300, viscosity and weight-average molecular weight were determined in the same manner as 
described in Example 1) instead of the copolymer used in Example 1, microcapsules were produced in the same 
manner as Example 1 . 
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Example 3 

[01 31 ] Using lactic acid/glycolic acid copolymer (lactic acid/glycolic acict=75/25, viscosity 0. 1 55, weight-average mo- 
lecular weiglit about 11500, viscosity and weight-average molecular weight were detennined in the same manner as 
5 described in Example 1) instead of the copolymer used in Example 1, microcapsules were produced in the same 
manner as Example 1 . 

Example 4 

10 [01 32] Microcapsules as obtained in Example 1 were thennally dried at 60**C, higher by 3*0 than the Tmg ('C) of 
the base lactic acid/glycolic acid copolymer, under reduced pressure for about 24 hours to yield a powdery sustained- 
release microcapsule preparation. 

Example 5 

IS 

[01 33] Microcapsules as obtained in Example 1 were thennally dried at 50*C, higher by 3**C than the Tmg ("C) of 
the base lactic acid/glycolic acid copolymer, under reduced pressure for about 48 hours to yield a powdery sustained- 
release microcapsule preparation. 

20 Example 6 

[0134] Microcapsules as obtained in Example 1 were themnally dried at SO^C, higher by 3*0 than the Tmg (**C) of 
the base lactic acid/glycolic acid copolymer, under reduced pressure for about 96 hours to yield a powdery sustained- 
release microcapsule preparation. 

25 

Example 7 

[0135] Microcapsules as obtained in Example 1 were thermally dried at 50°C, higher by 3°C than the Tmg (°C) of 
the base lactic acid/glycolic acid copolymer, under reduced pressure for about 120 hours to yield a powdery sustained- 

30 release microcapsule preparation. 

[0136] According to the production method of the present invention, it is possible to provide sustained-release mi- 
crocapsules possessing phamnaceutical characteristics clinically very favorable in that a bioactive substance is re- 
leased at constant rate over a very long period of time ranging from a few days to a year, usually from one week to a 
few months, from just after administration with dramatically suppressed initial release of the bioactive substance in 

35 excess (e.g. 50%) just after administration and with minimum retention of organic solvent. 



Claims 



40 1 . A method for the production of sustained-release microcapsules that comprises obtaining microcapsules compris- 
ing a bioactive substance which are encapsulated with a biodegradable polymer, and themriaify drying the obtained 
microcapsules at a temperature ranging from the glass transition point of the biodegradable polymer to a temper- 
ature higher by 4°C than the glass transition temperature for 24 to 120 hours to produce the sustained- release 
microcapsules comprising, relative to the weight of the sustained-release microcapsules, not less than 60% (w/w) 

45 of the biodegradable polymer. 

2. A method for production according to claim. 1 , wherein said bioactive substance is a peptide having a molecular 
weight of 200 to 20,000. 

so 3, A method for production according to claim 1 , wherein said bioactive substance is luteinizing homnone-releasing 
hormone or an analog thereof. 

4. A method for production according to claim 1 , wherein said bioactive substance is a peptide represented by the 

formula (1): 

55 
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{Pyr)Glu-Ri-Trp-Ser~R2-R3-R4-Arg~Pro-R5 



(I) 



wherein represents His, Tyr, Trp or p-NHg-Phe; Rg represents Tyr or Phe; R3 represents Gly or a D type amino 
acid residue; R4 represents Leu, He or NIe; and R5 represents Gly-NH-Rg (Rg represents a hydrogen atom or a 
lower alkyi group with or without a hydroxyl group) or NHRg (Rg has the same definition as that shown above); or 
a salt thereof. 

A method for production according to claim 1 , wherein said bioactive substance is: 



(Pyr)Glu-His-Trp-Ser-Tyr-D-Leu-Leu-Arg-Pro-NHCH2-CH3 



or a salt thereof. 

A method for production according to claim 1 , wherein said bioactive substance Is a peptide represented by the 



XCH2CO-NH-CH-CO-NH-CH-CO-NH-CH-CO-NH-CH-CO-N-CH-CO-NH-CH.CO- (H) 
(D) (D) I (D) 

Q 



wherein X represents a hydrogen atom or a tetrahydrof urylcarboxamido; Q represents a hydrogen atom or methyl; 
A represents nicotinoyi or N,N'-diethylamldino; and B represents isopropyl or N.N'-diethylamidino or a salt thereof. 

A method for production according to claim 6, wherein X is a tetrahydrofurylcarboxanrildo. 

A method for production according to claim 6, wherein X is (2S)-tetrahydrofurylcarboxamido. 

A method for production according to daim 6, wherein X is (2S)-tetrahydrofurylcarboxamido, Q is methyl, A is 
nicotinoyi. and B Is isopropyl. 



fomnula (II): 





CH3 



NH-CH-CO-NH-CH-CO-N CH-CO-NH-CH-CO-NHj 

(D) 
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10. A method for production according to claim 1, wherein said bioactive substance is thyroid hormone-releasing 
hormone. 

11. A method for production according to any of claims 1 to 1 0, wherein the content ratio of said biodegradable polymer 
5 is not less than 70% (w/w). 

12. A method for production according to any of ciaims 1 to 1 1 , wherein said biodegradable polymer is a homopolymer 
or copolymer of a-hydroxycarboxylic acids or a mixture thereof. 

10 1 3. A method for production according to any of claims 1 to 11 , wherein said biodegradable polymer is a homopolymer 
or copolymer of lactic acid/glycolic acid having a lactic acid/glycoltc acid ratio of 1 00/0 to 50/50 mol%. 

14. A method for production according to any of ciaims 1 to 1 1 , wherein said biodegradable polymer is a homopolymer 
of lactic acid. 

15 

15. A method for production according to any of claims 1 to 14, wherein the weight-average molecular weight of said 
biodegradable polymer is 3,000 to 30,000. 

16. A method for production according to any of claims 1 to 15, wherein microcapsules are themfially dried for 48 to 
20 120 hours. 

1 7. A method for production according to any of claims 1 to 1 6, wherein the microcapsules are obtained by an in-water 
drying method. 

25 18. A method for production according to any of claims 1 to 17, wherein the content ratio of the bioactive substance 
relative to the sustained-release microcapsules is 0.01 to 40% (w/W). 

19. A method for production according to claim 4, wherein the sustained-release microcapsules contain the bioactive 
substance at the final content ratio of 5-15% (w/w) and the biodegradable polymer at the final content ratio of 

30 80-95% (W/W). 

20. Sustained-release microcapsules obtainable by the method for production according to any of claims 1 to 19. 

21 . Microcapsules of claim 20 which are for injection. 

35 

22. An agent for treatment or prevention of sex honnone-dependent diseases or a contraceptive which comprises the 
sustained-release microcapsules of claim 20. 

23. An agent of claim 22, wherein said sex hormone-dependent disease is prostatic hypertrophy, prostatic cancer, 
40 hysteromyoma, endometriosis, dysmenorrhea, precocious puberty or breast cancer. 

24. Use of the microcapsules of claim 20 for manufacture of an agent for treatment or prevention of sex hormone- 
dependent diseases or for use as a contraceptive. 

45 25. A composition for the treatment or prevention of sex honmone-dependent disease or for use as a contraceptive, 
made from a microcapsule as claimed In claim 20. 



so 



PatentansprOche 



1. Verfahren zur Herstellung von Mlkrol<apseln mit verzogerter Freisetzung, das das Erhalten von IViikrokapseIn, die 
eine mit einem bloabbaubaren Polymer verkapselte bloaktive Substanz umfassen, und 24 bis 120 Stunden ther- 
mlsches Trocknen der erhaltenen MIkrokapseIn bel einer vom Glasubergangspunktdes bloabbaubaren Polymers 
bis zu eIner um 4''C hoheren Temperatur als der Glasiibergangstemperatur relchenden Temperatur unter Herstei- 

S5 len der MIkrokapseIn mit verzogerter Freisetzung umfaBt, die auf das Gewlcht der MIkrokapseIn mit verzogerter 

Freisetzung bezogen mindestens 60 Gew.-% des bloabbaubaren Polymers umfassen. 

2. Herstellungsverfahren gemaB Anspruch 1 , wobei die bloaktive Substanz ein Peptid mit einem Molekulargewicht 
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von 200 bis 20 000 1st. 

Herstellungsverfahren gemaB Anspruch 1 , wobei die bioalctive Substanz ein Luteinisierungshormon-freisetzendes 
Hormon Oder ein Analogon davon 1st. 

Herstellungsverfahren gemaB Anspruch 1 , wobei die bioalctive Substanz ein durch die Formel (I) dargestelltes 
Peptid 



(Pyr)Glu-Rx-Trp-Ser-R2-R3-R4-Arg-Pro-Rs (I) 

worin His, Tyr, Trp oder p-NH2-Phe darstellt; R2 Tyr oder Phe darstellt; R3 Gly oder einen Aminosaurerest vom 
D-Typ darstellt; R4. Leu, He oder NIe darstellt und R5 Gly-NH-Rg (Rg stellt ein Wasserstoffatom oder eine Nieder- 
alkylgruppe mit einer oder ohne eine IHydroxygruppe dar) Oder NHRg darstellt (Rg weist dieselbe Definition wie 
vorstehend dargestellt auf) oder ein Salz davon ist. 

Herstellungsverfahren gemSB Anspruch 1 . wobei die bioaktlve Substanz 

(Pyr)Glu-His«Trp-Ser-Tyr-D-Leu-Leu-Arg-Pro-NHCH2-CH3 
Oder ein Salz davon ist 

Herstellungsverfahren gemaB Anspruch 1, wobei die bioaktive Substanz ein durch die Formel (II) dargestelltes 
Peptid 





NH-A 
I 

xcHjCO-nh-ch-co-nh<;h-co4sjh-ch-co^h<;h-co-n-ch-co-nh-ch-co- (») 

(D) <D) I (D) 

Q 



jJH-CCHjVNH-B 
(CH^), 

I I 

NH-CH-CO-NH-CH-CO-N 




CH, 



-CH-CO-NH-CH-CO-NH, 



(D) 



worin X ein Wasserstoffatom oder Tetrahydrof urylcarboxamido darstellt; Q ein Wasserstoffatom oder Methyl dar- 
stellt; A Nicotinoyl oder N.N'-Diethylamtdino darstellt und B Isopropyl oder N,N'*Diethylamidino darstellt, oder ein 
Salz davon ist. 
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7. Herstellungsverfahren gema3 Anspruch 6, wobei X Tetrahydrofurylcarboxamido ist. 

8. Herstellungsverfahren gemaB Anspruch 6, wobei X (2S)-Tetrahydrofurylcarboxam!clo ist. 

9. Herstellungsverfahren gemSR Anspruch 6, wobei X (2S)-Tetrahydrofurylcarboxamido ist. Q Methyl ist, A NicotinoyI 
ist und B Isopropyl ist. 

1 0 - Herstellungsverfahren gemal3 Anspruch 1 , wobei die bioaktlve Substanz Schilddrusenhomion-f relsetzendes Hor- 

mon ist. 

11 . Herstellungsverfahren gemaB einem der Anspruche 1 bis 10, wobei der Gehattsanteil des bioabbaubaren Poly- 

mers mindestens 70 Gew.-% ist. 

12. Herstellungsverfahren gemaB einem der Anspruche 1 bis 11 , wobei das bioabbaubare Polymer ein Homopolymer 
Oder Copolymer aus a-Hydroxycarbonsauren oder ein Gemisch davon ist. 

13. Herstellungsverfahren gemaB einem der Anspruche 1 bis 11 , wobei das bioabbaubare Polymer ein Homopolymer 
Oder Copolymer aus Milchsaure-ZGIykolsaure mit einem Milchsaure-ZGIykolsaureverhattnls von 100/0 bis 50/50 
l^ol.-% ist. 

14. Herstellungsverfahren gemaB einem der Anspruche 1 bis 11, wobei das bioabbaubare Polymer ein Homopolymer 

aus Milchsaure ist. 

15. Herstellungsverfahren gemaB einem der Anspruche 1 bis 14, wobei das Gewichtsmittel des Molekulargewichts 
des bioabbaubaren Polymers 3 000 bis 30 000 Ist. 

16. Herstellungsverfahren gemaB einem der Anspruche 1 bis15,wobeidieMikrokapsetn48bis 120StundenthenT}isch 
getrocknet werden. 

17. Herstellungsverfahren gemaB einem der Ansprtiche 1 bis 16, wobei die Mlkrokapseln durch ein In-Wasser-Trock* 

nungsverfahren erhalten werden. 

18. Herstellungsverfahren gemaB einem der Anspruche 1 bis 17, wobei der Gehaltsanteil der bioaktiven Substanz 
bezogen auf die Mlkrokapseln mit verzogerter Freisetzung 0,01 bis 40 Gew.-% ist. 

19. Herstellungsverfahren gemaB Anspruch 4, wobei die Mlkrokapseln mit verzogerter Freisetzung die bioaktive Sub- 
stanz in einem Endgehaltsanteil von 5-15 Gew.-% und das bioabbaubare Polymer in einem Endgehattsanteil von 
80-95 Gew.-% enthalten. 

20. i\4ikrokapseln mit verzogerter Freisetzung erhaltlich durch das Herstellungsverfahren gemaB einem der Anspruche 
1 bis 19. 

21. I^ikrokapseln des Anspruchs 20, die zur Injektion bestimmt sind. 

22. IVIittel zur Behandlung oder Verhutung Geschlechtshonnon-abhangiger Krankheiten oder ein Kontrazeptivum, das 
die Mlkrokapseln mit verzogerter Freisetzung des Anspruchs 20 enthalt. 

23. Mittel des Anspruchs 22, wobei die Geschlechtshomion-abhanglge Krankheit Prostatahypertrophie, Prostata- 
krebs, Hysteromyom, Endometriose, Dysmenorrhoe, Fruhreife oder Brustkrebs ist. 

24. Venvendung der Mlkrokapseln des Anspruchs 20 zur Herstellung eines Mittels zur Behandlung oder Verhutung 
Geschlechtshormon-abhangiger Krankheiten oder zur Verwendung als Kontrazeptivum. 

25. Zusammensetzung zur Behandlung oder Verhutung einer Geschlechtshomrion-abhangigen Krankheit oder zur 
Verwendung als Kontrazeptivum, die aus einer in Anspruch 20 beanspruchten Mikrokapsel hergestellt wurde. 
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Re^endications 

1 . Proc6d6 de production de microcapsules k liberation retard6e, qui comprend I'obtention de microcapsules conte- 
nant une substance biologlquement active qui est enrob^e d'un polymdre biodegradable, et le sechage par vole 
themrilque des microcapsules obtenues, k une temperature comprise dans I'lntervalle allant du point de transition 
vitreuse du polym^re biodegradable d une temperature superieure de 4 ^'C au point de transition vitreuse, pendant 
24 & 120 heures, pour produire les microcapsules k liberation retardee qui comprennent pas moins de 60 % (p/jp) 
de polymere biodegradable par rapport au poids des microcapsules k liberation retardee. 

2. Precede de production selon la revendlcation 1 , dans lequel ladite substance biologlquement active est un peptide 
ayant une masse moieculaire de 200 k 20.000. 

3. Precede de production selon la revendlcation 1 , dans lequel ladite substance biologlquement active est une hor- 
mone liberant de Thonnone luteinlsante, ou un analogue d'une telle hormone. 

4. Precede de production selon la revendlcation 1 . dans lequel ladite substance biologlquement active est un peptide 
represente par la formule (I) : 

(Pyr) Glu-Ri-Trp-Ser-R2-R3-R4-Arg-Pro-R5 (I) 

dans laquelle repr6sente His, Tyr, Trp ou p-NH2-Phe, Rg represente Tyr ou Phe, R3 represente Gly ou un reste 
d'acide amine de type D, R4 represente Leu, lie ou NIe, et R5 represente Gly-NH- Rg (Re represente un atome 
d'hydrogene ou un groupe alkyle inferieur avec ou sans groupe hydroxyle) ou NHRg ou Rg a la m§me definition 
que precedemment, ou un sel d'un tel compose. 

5. Precede de production selon la revendlcation 1 , dans lequel ladite substance biologlquement active est le peptide 
de fomiule : 



(FyDGlu-His-Trp-Ser-Tyr-D-Leu-Leu-Arg-Pro-NHCHa-CHa 

ou un sel de ce compose. 

6. Procede de production selon la revendlcation i , dans lequel ladite substance biologlquement active est un peptide 
represente par la formule (II) : 




(D) (D) I (D) 

Q 
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CH-(CH,),-NH-8 

I I 

I I 

NH-CH-CO-NH-CH-CO-N^ CH-CO-NH-CH-CO-NHj 

(D) 

dans laquelle X repr6sente un atome d'hydrogene ou un groupe t^trahydrofurylcarboxamido, Q reprdsente un 
atome d'hydrogene ou un groupe m^thyie, A represente un groupe nicotinoyle ou N,N'-diethylannidino, et B repr6- 
sente un groupe isopropyle ou N.N'-di^thylamidino, ou un set d'un tet connpos^. 

7. Proc^d^ de production selon la revendication 6, dans lequel X est un groupe tdtrahydrofurylcarboxamido. 

8. ProcddS de production selon la revendication 6, dans lequel X est un groupe (2S)-t6trahydrofurylcarboxannido. 

9. Proc6d6 de production selon la revendication 6, dans lequel X est un groupe (2S)-t6trahydrofurylcarboxamido, Q 
est un groupe m^thyle, A est un groupe nicotinoyle et B est un groupe isopropyle. 

10. Proc^d6 de production selon la revendication 1 , dans lequel ladite substance biologiquement active est une hor- 
mone lib^rant de I'hormone thyroVdienne. 

1 1 . Proc6dd de production selon I'une quelconque des revendications 1 d 1 0, dans lequel la teneur en ledit potym&re 
biodegradable des microcapsules n'est pas |nf6rieure d 70 % (p/p). 

1 2. Proc6d6 de production selon I'une queiconque des revendications 1^11, dans lequel ledit polynfi^re biodegradable 
est un homopotymdre ou copotymere d'acide a-hydroxycarboxylique ou un melange de ces produits. 

1 3. Precede de production selon I'une quelconque des revendications 1^11, dans lequel ledit polymere biodegradable 
est un homopolym^re ou copolymere d'acide lactique/acide giycolique. presentant un rapport molaire de I'acide 
lactique h I'acide glycolique de 100/0 k 50/50. 

1 4. Procede de production seion i'une quelconque des revendications 1^11, dans lequel ledit polymdre biodegradable 
est un honnopolymere d'acide lactique. 

15. Precede de production selon I'une quelconque des revendications 1 & 14, dans lequel ledit polynn6re biodegradable 
est un polymere biodegradable ayant une masse moleculaire moyenne en polds de 3000 a 30.000. 

16. Precede de production selon I'une quelconque des revendications 1^15. dans lequel les microcapsules sont 
sechees par voie thermique pendant 48 ^ 120 heures. 

17. Procede de production selon i'une queiconque des revendications 1^16, dans lequel les microcapsules sont 
obtenues par un procede de sechage au sein de I'eau. 

18. Precede de production selon i'une quelconque des revendications 16 17, dans lequel la teneur en substance 
biologiquement active des microcapsules £i liberation retardee est de 0,01 k 40 % (p/p). 

19. Precede de production selon la revendication 4, dans lequel les microcapsules k liberation retardee contlennent 
finalement 5 6 15 % (p/p) de substance biologiquement active et 80 k 95 % (p/p) de polymere biodegradable. 

20. Microcapsules k liberation retardee que I'on peut obtenir par le precede de production selon i'une quelconque des 
revendications 16 19. 

21. Microcapsules selon la revendication 20, qui sont destinees k une injection. 




21 



EP0 761 213 B1 

22. Agent pour le traitement ou la prevention des maladies qui sont tributalres des hormones sexuelles, ou pour un 
contraceptif, qui comprend les microcapsules k liberation retard^e selon la revendlcation 20. 

23. Agent selon la revendlcation 22, pour lequel ladite maladie tributaire des hormones sexuelles est I'hypertrophie 
5 de la prostate, le cancer de la prostate, Thysteromyome, rendometrlose, la dysm6norrh6e. la pubertd pr6coce ou 

le cancer du sein. 

24 . Utilisation des microcapsules selon la revendication 20 pour la preparation d'un agent destine au traitement ou k 
la prevention des maladies tributalres des honnones sexuelles ou destine k etre utilise comme contraceptif. 

10 

25 . Composition pour le traitement ou la prevention des maladies tributalres des hormones sexuelles ou pour un usage 
comme contraceptif, qui est preparee h partir tfune microcapsule telle que revendiquee dans la revendication 20. 



IS 
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